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SILICON-PEOSPHORUS ORGANIC COMPOGRDS

. B. A, Arbuzov
Corresponding Member

Academy of Sciences USSR

A. N. Pudovik

It was pointed out in previous papers {1) that it is possible to ob-
tain a new type of organic phosphorus derivativee containing a direct phos-
phoces-tin bond by the action of organic halogentin compounds on the full
eetavs of phosphorous acid, using A. Ye. Arburov's reaction.

In the course of this work ve astudied the reactioms of triethylprow-
phite vith halogen-silicom orgsnic derivatives. This led to the prepara-
tion of cempounds witk a phospharus-silicon dond.

: . ' The disthyl ether of triethylphosphonmonosilane was preparsd by the
R } actici mf triethylbrommonosilane on triethylplLosphite.
BRI ‘ (C2Bs)5 21Br 4P (0Cx35)5 = (CoHs)s St uﬁ ~ (0CoHs )5 - 4 CoFsBr

NOTE: As ir the case of triphenylbromtin and triphenyldbromlead; whem
triplanylohlormonosilane reacts with triethylphosphite tkhe phosphoruc-
silic:m derivative is not formad, dut dieproporticnalization of triphenyl-
oklorasnosilans ouours, lesading Lo the formation of tetraphenylmonosilans.

The &iethyl eiuor of triethaxyphosphormonosilane was prepaicd by the .
sotion of triethoxychlormonosllans on triathylphosphite. ‘ o "
(Cokad)s 8105 4P (0CoHs)z= (CoHs0)3 81 - P = (0CoHs)y 4 Colis C1 NI RER -

The latter reastion 1s accompanisd by the foarmation of considerabdle
quantities of tetraethoaxysilcne
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The reaction between trietd exychlofzzic—noa 11&1:9‘ and scﬁium diet.lgilphos-

phite leads to the formaticn cf the same producte: the diethyl ether of
triethoxyphosphonmoncgilane and tetrasthoxymonosilans.

ﬁords undsrlinasd may be incorrest, dus tc omissicn of some letters
in Ruspian text./ \

The foamation of tetraethoxymonceilane in the reactions of triethoxye
chlormmonilane with sodium diethylphcaphits and tristhyphosphite is most
eaglly expleined by the disproporticnalizatiocn of triethoxychlorsiiane under
the inflvence of temperature which was chasrved by Yu. N. Vol'nov 123,

However, the formation of tetraethoxymonosilans ¢ncurd during the so=-
dium diethylphosphite resctlon at low temperature in an ether mediwm. i

Moreover; we did not observe disproportionalizstiom of triethoxy-
chlormonosilans even when heated to 200C C for 6 houre in & sealed tube,
or vhen boiled with a reflux concdenser in tihs absencs of stmospheric mois-
ture for 7 hours {see also (5)). The ccnditione under whith dispropartica-
alization of triethoxychlormonosilane occura ghould, thsrefore. be specifimd
more accurately.

We showed (1) that in the case of tin.phosphorus organic compounde the
P-Sn link, stable ~t high temperatures, is uavered by the actism of ch’.orino,
halogen-kydrogen acida, and acetyi chlorids. .

A study of the atrength of the Si-} lirk as exemplified in the compaumls
prepared by us showed that this link alsc is unstable. For example, the ;
diethyl ether of triethoxyphosphonmonosilans readily decomposes om direct '~ iw i -
heating to 2000, tetraethoxymonomilane being formed (y191d over 70 percent). T

It ie probable that the preparatica of tetraethoxymoncsilane by the 2
reaction of triethoxychlormonos!lane with triethylphosphite or sodium dioth:l-
phosphite is also explained by tais dscompcaition of the diethyl ether of :
triethoxyphosphonmonosilane. The Si-P bond in the diethyi ether of triethoxy~':
phosphonmonosilane is very easily broken by the action of chlorine at room o
tomperaturs. S

The reactica proceeds according to t‘ne equation

(CoE50)5 81 -ﬁ = (0CpEs5)p 4 C1p = (CpE50)3 S1C1 + ¢l "]i - (0"23:,)2 .\
i _ s

Triethoxychlormonosilane and the chloranhydride of diethylphosphoric
80id were isolated from the reaction products. Tke latter was identified by
preparing ihe anilide with MP $5° (3) as well as by comparing physmal
canstants.

EXPFRIMENTS

Diethyl Ither of Phosphontriethylmoncs.ians

Ten gm of triethylbrommonosiiars with BP 161-162% (L) and 8.3 gm of
triethylphosphit: wora haated ‘n'a Wurtr fiask ¢cn a water bath. Roaction
begaa at 70¢, accompanied iy evaporeticn of ethyl bremide, vhen 5:1 gma of
othyl bromide vere evapcraied (treary 5:5 gm). Fractiocaai distillation of
the reacticn product jielael 1.0 su tristhylphosphive, 0.7 em diethylphos-
pnorus acid {BP 7.i-7L2,11 my), .. gx of t.action 104-1250/13 mm and & ga
of the diethyl ether of phcsphun'y 19t..vhao-mai¢n~ as a cclorless liquid
with BP 158-1599/10 mn; nf’ 1 4350, .4, 0 9659, 0.1188 gm cf sudstence :
042066 gm COg; 0-1056 gm 0.

Shtained %: C L" 43; E §.37.
Cfios0s PS1. Salcuiated % ¢ h"{ 6x; H 9.92.

E=)
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Ry v Dlethyl Ether of: Phosphontriethcaymoncsisens

Twenty gm triethoxychlormonositane BP 157-158° and 16 gm triethyl-~
phosphite were heated to 120-130°. Viclant eveiution of ethyl chloride
oscurred (30 min). Fractional distillation of the reastion product gave
the fractions; 38-46%/5 mm - 15 gm, 52-820/3 mm « 23 gm, 82-869/3 m -
52 gm, snd 125-160°/3 mm - 6°3 gm.

Twelve gm tetrasthoxymonosilane BP 62-64°/1h mm, x.-%o 1:3850, and 2:1
gm diethylphosphorouc acid BP 75-76%/1% mm, 220 1.4085 were isoiatsd from ‘-
the first fractioms, while 5.8 g of the di14thyl ether of trieihcxyphos- o .
pkonmonosilane BP 113°/12 mm, nDO 1-4080, dﬁo 0.9282 were isolated from R
the later fractions.

0°1028 gm gubstance: 0:1500 gm COn; 0-0766 gm Ho0 TR Ll e wELL
Obtained %: € 39.80; § 8 28. : T SE
01052503 P81 Caleulated %: C 40-005 B 8 3%, ) ; s

Fifteem gm iriethoxychlorsilane wae gradually added to a sclution of . L ]
sodium diethylphosphite (from 10.8 gn distbyphosphorcus acid and 2 an 80= .1
diwm} in 50 cc ether. Reaction procesds with considerabls evolution of ' SRR
heat. Ths whole is then heated for 3 hcurs iu a water bath. After decente
ing other from sodium chloride, evaporetionm of the ether and fractional
distillation of the residue, 7-8 gm tetrasthoxymenosilene BP 620/1l mm and
35 gm of the diethyl ether of tristhoxyphosphonmonosilane BP 1140/12 mm

‘ Ll n%ﬂ 1:5075 were obtained. e i

The diethyl ether of tristhoxyphosphunmonosilane {6 gm) was heated at
200° for 2-3 pinutes and then evaporated from the smail flask with Vidmer
(13 dephlegmator in vacuo. Three gm of tetraethaxymomcsilame EP 60-610/12 me,
20 13860 was cbtained.
0958 gm substance : 0°1598 gm COp; 0-0830 gm HoO.
Obtained %: £, 45-50; H 9-62 and 3 gn residue boiling in
iimit 65-240°/6 ma. Cg Hyy 0, 51. Calsuiam=ed %: C 46°16; B 9-63,

A 3-percent solution of chlorine in chiorofarm (2 gn chlorine) was
&dded to a solution of 8 gm dlethyl ether of triethoxyphosphonmonosilane in
40 oc of chlaroform. The soluticn became tolorless after standing for 12
howrs at room temperature. On fractional distiilatiom, 2:8 gm of 66-70°/13 mm
fraction and b gm of 85-1009/18 mm fracticn wers cbtalned. Obtained 19 gm =
triethoxychlormcnosilane BP i57-159° from firat fractiem. Obtained 31 em . e -
chleranhydride of diethylphosphoric acid BP 96-99°/23 um n20 1-4110 from ) :
secomd fraoction. MP of anllids 95°, Sample m*zed with n:hido of diethyl.
phosphoric acid (3) MP 9&-950,

Astion of Triphenyloklorsilans on Triethylphosphite

S sl Poar ga triphenylohicrsilane and % gm triethylphosphite were heated
~ : R for b hours at 160°. On oooling, crystala of tetraphenyloilame were 3sposi-
B : Co ted. The greater part of the products returned to their previous state.

Astion of Temperature on Triethoxychlorsilane ] . —— T .

g ' e Fifloen gu of triethoxylsilane BP 157-158° were heated in a closed tube
’ . at 200° Jor 6 hours. Obtained 153°1 gn of original chioride. Residue 0:5 gm

38 gu triethaxychlorsilane was heated with raflux condenser /calcium chiorids

tube) for 7 hours. Obtained 35-6 gm of original chleride. Roeldue with

BP above it0° was 2 gn.
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